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1. Introduction
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Background. GXYLT?2 (glucoside xylosyltransferase 2) was known as an important gene that regulates classical Notch signaling
and is involved in progression in human tumors. However, the correlation between GXYLT2 expression and bladder cancer
remains unclear. Methods. GXYLT2 expression was analyzed by ONCOMINE database, GEPIA database, and TIMER
database. The Cancer Genome Atlas (TCGA) was utilized to confirm relationships between GXYLT2 and molecular subtypes
of BLCA (bladder cancer). We discovered prognostic value of GXYLT2 in BLCA using GEPIA, LinkedOmics database, and
Kaplan-Meier Plotter database. Subsequently, correlations between GXYLT2 and tumor immune infiltration were investigated
through TIMER and TISIDB website. We then downloaded data of patients with BLCA from TCGA website, to conduct
functional annotations and to construct protein-protein interaction network through STRING and Enrich web servers. Results.
Significant differences were observed between GXYLT2 expression of bladder cancer and normal tissues. GXYLT2 was a poor
prognostic biomarker in BLCA with impact on diverse clinical characteristics. We found that GXYLT2 was closely related to
tumor immune infiltrated cells and immune genes. Functional annotations indicated that GXYLT2 was linked to immune-
related pathways. Conclusions. The results suggested that GXYLT2 was associated with a poor prognosis and tumor immune
cell infiltration of BLCA. GXYLT?2 could be a promising therapeutic target in bladder cancer.

urgent to identify novel diagnostic and prognostic targets
for bladder cancer.

Bladder cancer (BLCA) is one of the most common malig-
nant tumors of urinary system, and its incidence and mor-
tality rates are increasing worldwide [1]. For decades, the
main treatment of BLCA includes traditional surgical resec-
tion, chemotherapy, and radiotherapy. With the great
advances in molecular technology, immunotherapy is gradu-
ally into public view and becomes a promising treatment for
BLCA [2, 3]. However, the 5-year overall survival (OS) rate
is still unsatistying, due to postoperative recurrence and dis-
tant metastasis [4, 5]. Facing these pressing challenges, it is

Immunotherapeutic strategies have achieved remarkable
breakthrough in tumor treatment with providing patients
unprecedented survival benefit [6]. More studies show that
BLCA is identified into 2 molecular subtypes, of which
47% are luminal subtype and 35% are basal subtype [7, 8].
Tumors with different subtypes express respective gene
markers and various response to immunotherapy [9], and
luminal tumors tend to be poorly immune infiltrated and
respond to immune checkpoint blockers [10, 11]. Distinct
molecular sub-type-specific immunocompetent was one of
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the characterizations of tumor immune infiltrated cells
(TICs), which constitute the tumor microenvironment [12,
13]. Patients with BLCA receiving immunotherapy have a
benefit rate of less than 20% because of primary or second-
ary resistance mechanisms [14]. Therefore, it is important
to identify novel immune-related therapeutic targets and
provide personalized medicine for patients.

Glucoside xylosyltransferase 2 (GXYLT2) is a member of
human glycosyltransferase 8 family, which has long been
thought to be regulator of EGF xylosylation in Notch signal-
ing [15]. Previous study revealed that GXYLT2 promoted
human cancer cells growth, migration, and invasion activity
[16]. Further research suggested that GXYLT2 was a reliable
prognostic marker and correlated with tumor-infiltrating
immune cells in gastric cancer [17]. These indicated that
GXYLT2 may play a vital role in human tumor progression.
At present, the study focused on the GXYLT2 prognosis
value, and relevance for immune infiltration in BLCA
remains unknown. We here analyzed the association
between GXYLT?2 expression and clinical characteristics or
immune infiltration of BLCA by using bioinformatics
databases.

2. Materials and Methods

2.1. ONCOMINE Database. ONCOMINE database (https://
www.oncomine.org/) is the largest online cancer microarray
database and involves 715 datasets and 86733 samples in the
current edition [18]. We select ONCOMINE database to dis-
cover GXYLT?2 gene expression in diverse cancer types. The
mRNA expression of GXYLT?2 in clinical cancer specimens
was identified compared to that in corresponding normal
specimens, with fold change > 2, p value < 0.0001, and gene
rank setting to top 10%.

2.2. GEPIA Database. GEPIA (http://gepia.cancer-pku.cn/)
is a public cancer research website for analyzing RNA
sequencing expression data of 9,736 tumors and 8,587 nor-
mal samples from the TCGA and the GTEx projects [19].
In the current study, GEPIA was utilized to confirm the sig-
nificance of differential gene expression and to generate the
overall survive curve in BLCA. The log-rank test and the
Mantel-Cox test were used in survival analysis. The differen-
tial thresholds of fold change and p value were set to 2 and
0.01, respectively.

2.3. TIMER Database. TIMER database (https://cistrome
.shinyapps.io/timer/) is a comprehensive resource for ana-
lysing immune infiltrates in multiple cancer types, which
includes 10897 samples and 32 cancer types from TCGA
[20]. The TIMER database estimates tumor infiltrates by
determination the abundances of six immune infiltrates (B
cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages,
and dendritic cells) [21]. This web applied modules to per-
form various analysis. We employed TIMER database to
assess GXYLT?2 expression in types of cancers and to explore
the association between GXYLT2 and immune cell in fil-
trates levels in BLCA. Furthermore, we also analyzed the
correlation between GXYLT2 and the candidate biomarker
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genes of tumor-infiltrated immune cells. In this study, the
expression of genes in TIMER was displayed by log2 RSEM.
Spearman’s method was utilized to test correlation
coefficient.

2.4. TISIDB Database. TISIDB is an integrated website portal
for analyzing immune system interactions (http://cis.hku
hk/TISIDB/index.php) [22]. In this study, we adopted
TISIDB to examine the correlations between GXYLT2 and
immunomodulatory factors. Spearman’s test was used to
measure statistical significance.

2.5. LinkedOmics Database. The LinkedOmics database [23]
(http://www.linkedomics.org/login.php) is a web-based plat-
form for analyzing 32 TCGA cancer-associated multidimen-
sional datasets. LinkedOmics performs survival analysis to
verify prognostic value of GXYLT?2 in BLCA.

2.6. STRING Database. In order to predict the GXYLT2-
interacting candidate proteins, protein-protein interaction
(PPI) analysis was performed using STRING database
(https://string-db.org/)). GXYLT2 (protein name) and
Homo sapiens (organism) were chosen. The PPI score of
0.4 was considered to be the cutoff for analysis.

2.7. Kaplan-Meier Plotter Database. Kaplan-Meier plotter
(http://kmplot.com/analysis/) [23] is an online database
containing microarray gene expression data and survival
information derived from Gene Expression Omnibus and
TCGA. It was widely used to assess the effect of 54000 genes
on survival of more than 20 types of cancers. We therefore
employed this database to explore the prognostic value of
GXYLT2 in the patients with BLCA. In this study, we also
evaluated the OS in subgroups of patients with BLCA based
on clinical stage or patient gender, respectively. The Kaplan-
Meier survival plot was generated with hazard ratio (HR)
with 95% confidence intervals and log-rank p value.

2.8. UALCAN Database. UALCAN database (http://ualcan
.path.uab.edu/) was newly developed online analysis plat-
forms to analyze the correlation between gene transcrip-
tional level and biomedical characteristics of cancers [24].
By utilizing this web platform, we investigated the expres-
sion of GXYLT2 in various molecular subtypes of BLCA
including neuronal, basal, luminal, and luminal infiltrated
luminal papillary.

2.9. ESTIMATE Algorithm. ESTIMATE algorithm provides a
method to calculate stromal and immune scores of infiltrat-
ing stromal and immune cells through single-sample gene
set enrichment analysis. We downloaded gene expression
data of patients with BLCA from TCGA website (https://
portal.gdc.cancer.gov), and then, raw data were normalized
by log2 (x + 1) transformed RSEM. All data were processed
in R-studio software (v3.5.3), and the “ESTIMATE” R pack-
age was used to calculate stromal and immune scores of
individual patients with BLCA [25].

2.10. Statistical Analysis. The statistical methods used in the
website tools are described above. In addition, univariate
logistic regression analysis was performed to verify the
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FIGURE 1: GXYLT2 mRNA expression in different human tumors including bladder cancer. (a) The expression mode of GXYLT2 in
different cancers compared with normal tissues in the ONCOMINE database. (b) GXYLT2 expression levels in different cancers from
TCGA database by TIMER website. (c) Decreased GXYLT2 was validated in BLCA by GEPIA website. (d) The expression of GXYLT2
increases with clinical stage in BLCA. (e) GXYLT2 expression distributes variously in different subtypes of BLCA. *p < 0.05, **p < 0.01,

and ***p < 0.001.

relationship between GXYLT?2 expression and clinicopatho-
logical characteristics in BLCA patients. All analyses were
conducted in SPSS software 22.0, and p < 0.05 was consid-
ered statistically significant.

3. Results

3.1. The mRNA Expression Levels of GXYLT2 in BLCA. We
firstly examined the expression of GXYLT2 across different
human cancers by using ONCOMINE database. As shown

in Figure 1(a), the expression levels of GXYLT2 were diver-
gent in various cancers. Although GXYLT2 was in top 10%
differential genes, there exist both up- and downregulated
fold changes in different tumors compared to adjacent tis-
sues. Then, we detected the expression of GXYLT2 in
tumors from TCGA by utilizing TIMER database. As shown
in Figure 1, the mRNA expression of GXYLT2 was signifi-
cantly increased in several common cancer datasets includ-
ing head-neck squamous cell carcinoma (HNSC) and
kidney renal clear carcinoma (KIRC), while significant
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TaBLE 1: Correlation analysis between GXYLT?2 and relate genes and markers of immune cells in TIMER.
Description Gene markers None Purity
Cor p Cor p
CDSA 0.353 %% % 0.134 *
CDS8+ T cell
CDS8B 0.305 oKk 0.156 * ok
CD3D 0.298 * ok ok 0.03 0.561
T cell (general) CD3E 0.403 ok K 0.133 *
CD2 0.389 ok % 0.126 *
CD19 0.381 ok K 0.185 LR
B cell
CD79A 0.405 * ok ok 0.187 * %k
CD86 0.575 * ok ok 0.386 * %k
Monocyte
CD115 (CSFIR) 0.656 Kk 0.502 .
CCL2 0.574 * ok K 0411 * % ok
TAM CD68 0.406 * ok ok 0.228 %k
IL10 0.619 * ok K 0.488 * % ok
INOS (NOS2) 0.174 oHk 0.131 *
M1 macrophage IRF5 -0.107 * -0.105 *
COX2 (PTGS2) 0.127 * 0.031 0.549
CD163 0.693 * ok ok 0.565 * %k
M2 macrophage VSIG4 0.679 ok k 0.537 * ok
MS4A4A 0.668 * ok ok 0.531 * %k
CD66b (CEACAMS) 0.02 0.683 0.047 0.372
Neutrophils CD11b (ITGAM) 0.638 * ok K 0.485 * % %
CCR7 0.044 0.378 -0.06 0.254
KIR2DL1 0.221 * ok ok 0.081 0.122
KIR2DL3 0.229 * ok ok 0.057 0.278
KIR2DL4 0.21 * ok ok 0.026 0.619
Natural killer cell KIR3DL1 0.196 * ok ok 0.067 0.201
KIR3DL2 0.18 * ok ok 0.031 0.558
KIR3DL3 0.031 0.53 -0.014 0.794
KIR2DS4 0.18 ok K 0.04 0.439
HLA-DPB1 0.513 * ok ok 0.309 * % %
HLA-DQB1 0.431 * ok ok 0.225 * kK
HLA-DRA 0.451 * ok ok 0.243 * ok ok
Dendritic cell HLA-DPAI1 0.469 * ok ok 0.278 * %k
BDCA-1 (CD1C) 0.266 * ok ok 0.082 0.117
BDCA-4 (NRP1) 0.48 oKk 0.38 ok ok
CD11c (ITGAX) 0.641 ok 0.479 ok
T-bet (TBX21) 0.375 * ok ok 0.143 * %
STAT4 0.435 * ok ok 0.206 * % ok
Th1 STATI1 0.335 * ok ok 0.156 * %
IEN-y (IFNG) 0.272 * ok ok 0.089 0.0891
TNF-a (TNF) 0.282 ok K 0.16 * ok
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TasLE 1: Continued.
Description Gene markers None Purity
Cor p Cor p
GATA3 -0.387 %% % -0.266 * % ok
STAT6 -0.179 ok ok -0.125 *
Th2
STAT5A 0.28 * ok ok 0.122 *
IL13 0.185 ok ok 0.041 0.434
Tth BCL6 -0.109 ok K -0.08 0.125
IL21 0.172 * ok ok 0.092 0.0782
STAT3 0.393 * ok ok 0.273 * % ok
Th17
IL17A -0.098 * -0.157 * %
FOXP3 0.446 * ok ok 0.277 * ok ok
CCRS8 0.45 * ok ok 0.297 * %k
Treg
STAT5B 0.214 * ok ok 0.226 * % ¥
TGEf (TGFB1) 0.357 ok ok 0.261 LR
PD-1 (PDCD1) 0.394 * ok ok 0.17 * %
CTLA4 0.391 * ok ok 0.168 * %
T cell exhaustion LAG3 0.394 ok ok 0.186 * ok ok
TIM-3 (HAVCR2) 0.602 ok 0.42 ok
GZMB 0.369 * ok ok 0.118 *

P <0.05 was considered to be statistically significant (*p < 0.05, **p <0.01, and ***p <0.001).

downregulation of GXYLT2 was exposed in prostate adeno-
carcinoma (PRAD), uterine corpus endometrial carcinoma
(UCEC), colon adenocarcinoma (COAD), and bladder
urothelial carcinoma (BLCA)(Figures 1(a) and 1(b)). We
further used GEPIA database to validate the lower expres-
sion of GXYLT2 in BLCA (Figure 1(c)). In addition, we
investigated the correlation between GXYLT2 and the stage
or molecular subtypes of BLCA. The results from GEPIA
database revealed a significant difference of GXYLT2 among
various pathological stages of BLCA, and downregulation of
GXYLT2 was observed in stage II rather than other stages
(Figure 1(d)). The data from UALCAN database showed
that the expression of GXYLT2 in noninfiltrated luminal
subtype varied from other molecular subtypes of BLCA
(Figure 1(e)). Taken together, we found that GXYLT2 was
significantly reduced in BLCA compared with the adjacent
normal tissues and associated with various subtypes of
BLCA.

3.2.  Association between GXYLT2 Expression and
Clinicopathologic Variables in BLCA. Next, we analyzed clin-
ical information and gene expression profile from TCGA-
BLCA project. As presented in Table 1, upregulation of
GXYLT2 was observed to be closely related with advanced
age (=60 vs. <60, p =0.000003), while the sex of the patients
was not observed to be related to gene expression. We subse-
quently performed subgroup analysis by TNM pathologic
classification, histological subtype, tumor grade, stromal
score, and immune score. The results showed significant
associations between GXYLT2 expression and lymph node

metastasis (p=0.002) rather than distant metastasis
(p=0.233). Of note, higher expression of GXYLT2 was
observed in advanced stages and nonpapillary group
(p <0.001). We also noticed that the mRNA expression of
GXYLT?2 was significantly associated with immune score of
bladder tumor (p <0.001). Since these clinical features of
bladder tumor are independent prognostic factors, we
hypothesized that GXYLT2 may play a role in the outcomes
of patients with BLCA.

3.3. GXYLT?2 Affects the Prognosis of Patients with BLCA. To
further understand the link underlying GXYLT2 and cancer
patient outcome, we conducted survival analysis based on
the Kaplan-Meier Plotter database, LinkedOmics database,
and GEPIA database, respectively. The results showed that
high GXYLT2 indicated poor overall survival of patients
with BLCA 1in all three databases (Figures 2(a)-2(c)), which
corresponded with the differential expression of GXYLT?2 in
various stages of BLCA. Additionally, we further analyzed
whether GXYLT2 was associated with overall survival
regardless of gender or stage of tumor. The results revealed
that GXYLT2 was closely related with overall survival inde-
pendent of tumor stage (Figures 2(d)-2(f)). Also, the effect
of GXYLT2 on the prognostic potential of overall survival
was not disturbed by patient gender (Figures 2(g) and
2(h)). The results above suggested that GXYLT2 could be a
prognostic biomarker for BLCA patients.

3.4. Association between GXYLT2 and the Level of Immune
Infiltration in BLCA. By using TIMER database, we assessed



Probability

Probability

Overall survival

GXYLT?2 vs overall_survival
(0 <= median) (1 > median) median =

1.0 -
Logrank p = 2.4¢-05 4387179124194 sample size:(N = 398)
HR(high) = 1.9 Lo
0.8 P(HR) = 3.2e-05 )
E n(?ligh; = jgi z 08
0.6 n(low) = =
e E
3 04
5 T 04+
g
02+ @ 024
0.0 0.0
T T T T T T T T
0 50 100 150 0 1000 2000 3000 4000 5000
Months Time (days)
~—  Low GXYLT2 TPM GXYLT2
. 0
— High GXYLT2 TPM .l
(@ ()
GXYLT2 STAGEII
1.0 4 HR = 1.98 (1.43-2.75) 1.04 HR = 2.66 (1.28-5.54)
logrank P = 3e-05 logrank P = 0.0066
0.8 0] &
=
06 1 = 06
3
]
=]
] "
0.4 1 £ 04 \_,_’
-+t
0.2 4 0.2 4
0.0 1 0.0 4
T T T T T T T T T T
0 50 100 150 0 20 40 60 80 100
Time (months) Time (months)
Number at risk Number at risk
Low 174 28 1 1 Low 66 34 17 9 1 0
High 230 38 11 2 High 64 30 410 4 2
Expression Expression
— High — High
(© (d)
Stage 11T Stage IV
104 HR =2.15 (115 - 4) 104 HR = 167 (1.08 - 2.56)
logrank P =0.014 logrank P =0.019
0.8 0.8 \
=
0.6 £ 06
3
]
k3
0.4 4 £ 04
L
0.2 4 0.2
0.0 4 0.0
T T T T T T T T
0 50 100 150 0 50 100 150
Time (months) Time (months)
Number at risk Number at risk
Low 57 7 0 0 Low 81 13 2 1
High 81 17 8 2 High 51 3 0 0
Expression Expression
— Low — Low
— High — High

(e)

()

Figure 2: Continued.
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FIGURE 2: Association between GXYLT?2 expression levels and the prognosis of patients with BLCA. (a) High GXYLT2 expression predicted
worse OS in patients with BLCA by GEPIA website tool. (b) According to the median GXYLT2 expression, patients with bladder cancer
were divided into two groups on average. High GXYLT2 expression was correlated with poor OS in the bladder cancer cohort in the
LinkedOmics database. (c) OS curve in the Kaplan-Meier plotter database reflected undesirable prognosis value in BLCA. (d-f) In
separate stages of BLCA subgroups, high GXYLT2 expression exhibited a poor OS rate regardless of clinical stage. (g, h) The prognostic

value of GXYLT2 was independent of gender in BLCA.

the association between GXYLT2 and the levels of immune
infiltration in BLCA. The proportion of tumor cells in the
tumor microenvironment (TME) was known as tumor
purity. As shown in Figure 3, GXYLT2 expression was sig-
nificantly correlated with tumor purity as well as CD8+,
macrophages, neutrophils, and dendritic cells (p <0.001).
Given the correlation of GXYLT2 with immune infiltration
levels in BLCA, we further determined specific immune
marker genes of individual immune cells. There were addi-
tional correlations between GXYLT2 and monocyte, TAM,
and T cell exhaustion (Table 2). However, there was no sig-
nificant association between GXYLT2 and gene markers of
CD8+ T cell, T cell, B cell, M1 macrophage, and natural
killer cell.

3.5. Correlation of GXYLT2 with Immune Markers in BLCA.
We then selected outstanding gene markers of individual
immune cells including monocyte, TAM, T cell exhaustion,
M2 macrophages, neutrophils, and dendritic cells
(correlation > 0.40, p<0.001). In particular, CD86 and
CSFIR (colony stimulating factor 1 receptor) of monocyte
(Figure 4(a)); CCL2 (C-C motif chemokine ligand 2) and
IL10 of TAM (Figure 4(b)); CD163, VSIG4 (V-set and
immunoglobulin domain containing 4), and MS4A4A
(membrane spanning 4-domains A4A) of M2 macrophages
(Figure 4(c)); ITGAM (integrin subunit alpha M) of neutro-
phils (Figure 4(d)); NRP1 (neuropilin 1) and ITGAX of den-
dritic cell (Figure 4(e)); and HAVCR2 of T cell exhaustion
(Figure 4(f)) significantly correlated with GXYLT2 expres-
sion in BLCA (p<0.001) (Figure 4(a)). Taken together,
these results strongly identified that GXYLT?2 is associated
with immune cell infiltration, suggesting that GXYLT2
may play a key role in recruitment and regulation the
immune cells of BLCA microenvironment.

3.6. Relations between Immunomodulators and GXYLT2.
These immunomodulators collected from Charoentong’s
study were an essential part in the calculation method of
immunophenoscore [26], which represent the status of the
immune system in solid tumors including BLCA. Immuno-
modulators can be divided into immunostimulators (acti-
vated CD8+ T cells and CD4+ T cells and Tem CD8+ and
Tem CD4+ cells), and immunoinhibitors (Tregs and
MDSCs) [27]. To further explore the relationship between
GXYLT2 expression and immune molecules, we analyzed
the associations between GXYLT2 and immunomodulators
from TISIDB database. In detail, we found that GXYLT2
was most positively correlated with immunostimulators
(CD28, CD48, CD70, CD80, CD86, CXCR4, CXCL12,
ENTPD1, TMEM173, LTA, IL6, IL2RA, TNFRSF9, TNFSF4,
TNFSF13B, and TNFRSF8) (Figure 5(a)) and immunoinhi-
bitors (CSFIR, PDCD1LG2, IL10, and HAVCR2) (with rho
>0.40, p value < 0.05) (Figure 5(b)). It was verified again
that GXYLT2 participates in modulating TME of BLCA,
indicating that immunomodulator synergy could be a mech-
anism of GXYLT?2 involving immune infiltration.

3.7. Enrichment Analysis of Coexpression Network of
GXYLT2 and PPI Analysis in BLCA. To investigate the
underlying biological significance of GXYLT2 in BLCA, we
finally constructed enrichment of GO and KEGG pathways
by DAVID webtool 6.8. From TCGA database, we screened
1863 pathways positively correlated with GXYLT2 and 233
pathways negatively correlated with GXYLT2 in BLCA. As
shown in Figure 6(a), a total of 26 significant KEGG path-
ways were assembled including PI3K-Akt signaling pathway
with the most gene count and Staphylococcus aureus infec-
tion with the largest proportion. By the way, classical signal-
ing pathway, PI3K-Akt signaling pathway [28], and Rapl
signaling pathway [29] were enriched in biofunction analysis
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FIGURE 3: (a) Correlations between GXYLT?2 expression level and BLCA immune infiltration obtained from the Tumor Immune Estimation

Resource database.

of GXYLT2. These results above indicated that GXYLT2 may
play a vital role in the immune response. As shown in
Figure 6(b), a total of 34 significant GO terms were enriched
including cellular response to tumor necrosis factor with the
most gene count and chemokine-mediated signaling pathway
with the largest proportion. Of note, several famous immune-
related pathways were enriched in the process, such as chemo-
kine mediated signaling pathway, neutrophil chemotaxis, T
cell costimulation, and lymphocyte chemotaxis.

We analyzed protein-protein interaction network by the
STRING database; 20 proteins that have highest correlation
with GXYLT2 were generated into PPI network included can-
cer suppressor gene RPA2 and TUSCI1 (Figure 6(c)). Among
them, we further evaluated 4 genes that had close relationship
with GXYLT2 by TIMER database. As shown in Figure 6(d),
the expression of GXYLT2 had strong correlation with
KDELCI1, KDELC2, PCDH12, and COPS8 in BLCA.

4. Discussion

Since reported in 1976 by Morales et al., intravesical immu-
notherapy with BCG has been gradually applied in human
tumors, such as bladder cancer [30]. The improving out-
comes encouraged further trials of targeted immunotherapy
in human cancers. Over the development of immunother-
apy, high toxicity and low specificity were always an
unavoidable problem [31]. It was deeply explored that
TME infrastructure, with many factors they secrete, com-
posed a variety of immune and nonimmune cell types, which
eventually drive a chronic inflammatory, immunosuppres-
sive, and proangiogenic intratumoral environment. That

TaBLE 2: The correlation of GXYLT2 expression with the clinical
features of BLCA.

Characteristics Total OR (95%) p value
Age 407 1.311 (1.171-1.469) 0.000003
Gender 407 0.913 (0.825-1.011) 0.081

Subtype (non-p) 402 0.691 (0.621-0.769) 1.19E-11
N (0VS+) 365 1.180 (1.065-1.306) 0.002

M (0VS1) 206  1.172 (0.903-1.520) 0233

Stromal 408 2.685 (2.240-3.220) 1.48E-26
Immune 408 1.568 (1.403-1.753) 2.51E-15
Stage (3+4 vs. 1+2) 405 1.396 (1.258-1.550) 3.83E-10
T (3+4 vs. 1+2) 373 1.397 (1.246-1.544) 2.39E-09
Grade (high/low) 404 3355 (2.045-5.504)  0.000002

explained how cancer cells are able to adapt and escape from
detection and eradication by host immunosurveillance. It
was believed that the numbers of biological molecules and
mechanistic pathways were potentially targetable for cancer
treatment. In order to eradicate cancer cells, effector
immune cells must first be relieved from the complex sup-
pressive networks and activation barriers that constitute
the TME [32]. For this, it will be essential to continue
expanding reliable biomarkers that indicate the type of
TME present in a specific tumor [33].

The expression profile from multiple databases showed
GXYLT?2 was dysregulated in many human tumors, notably
decreased in BLCA. It indicated that GXYLT2 may
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FIGURE 4: The correlation of GXYLT2 and the markers of immune effector cells. (a-f) Monocyte, TAM, M2 macrophage, neutrophils,

dendritic cell, and T cell exhaustion.

participate vital immunity mechanistic pathways in tumori-
genesis as reported previously in gastric cancer [16]. In the
present study, the expression of GXYLT?2 varied in different
pathological and clinical grades of BLCA. Increased
GXYLT2 correlates with poorer prognosis of survival time
in BLCA. The results of clinical characteristics analysis also
showed that the grade and stage of tumor had remarkable
relationship with GXYLT2 expression. Furthermore, the
expression of GXYLT2 was decreased in luminal and lumi-
nal papillary subtypes of BLCA, which may lead to distinct
response to immunotherapy of luminal tumors. Immune
and stromal scores by ESTIMATE algorithm were demon-
strated to be associated with GXYLT?2 in BLCA. Tumor stro-
mal component was involved in tumorigenesis and
metastasis [34]. These results suggested that GXYLT2 can
impact the prognosis and may be an important factor in
BLCA.

To explore the functions and mechanism of GXYLT?2,
we analyzed the microenvironment surrounded by bladder

cancer. A total of six types of tumor immune cells including
B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil,
and dendritic cell were analyzed for the correlation with
GXYLT?2 expression in BLCA. Among all, macrophage was
most significantly associated with GXYLT2 in BLCA. It is
known that macrophage is the most important source of
proinflammatory cytokines during innate immune response.
Besides, macrophages are the main component of the
immune infiltration system in solid tumors and have been
frequently accompanied with poor prognosis [35]. GXYLT2
has positive impact on TAM in BLCA according to our
study, so that GXYLT2 was considered as adverse prognostic
factor. Another immune cell, dendritic cell (DC), showed
positive correlation with GXYLT2 in BLCA. DC is mainly
responsible for providing signals required for T cell activa-
tion, which indicates that DC plays a pivotal role in the gen-
eration of antitumor T cell response [36]. DC had recently
been tried as a platform of BLCA vaccines in a study [37].
By a cutoff default, we screened out the immune cell marker
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FIGURE 5: Associations of the GXYLT2 expression level with immunomodulators in BLCA. (a) Correlations between GXYLT2 expression

and immunostimulators. (b) Correlations between GXYLT?2 expression and immunoinhibitors.

genes with the highest correlation with GXYLT?2 including
CD86, CSFIR, CCL2, IL10, CDI163, VSIG4, MS4A4A,
ITGAM, NRP1, ITGAX, and HAVCR2. Previous studies
validated that CCL2 [38], IL10 [39], CD163 [40], and

NRP1 [41] had adverse influence on progression and prog-
nosis of BLCA, while CSFIR antagonist had been used in
treatment of urothelial bladder cancers [42]. By using
TISIDB, we further analyzed the relationship between
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FIGURE 6: Enrichment analysis of coexpression network of GXYLT2 and PPI analysis in BLCA. (a) 26 top KEGG pathways were enriched by
coexpression network of GXYLT?2. (b) 34 top GO terms were enriched by coexpression network of GXYLT2. (c) 20 proteins from PPI
network by the STRING database. (d) Four hub genes were further evaluated by TIMER database.

GXYLT2 and immunomodulators. The correlation of
GXYLT2 and immune cells was then further confirmed. As
described in the previous study [27], immunomodulators
comprised one of dominating categories to calculate immu-
nophenoscore which is associated with survival in 12 solid
cancers including bladder cancer. The correlationship
between GXYLT2 and immunomodulators can elucidate
prediction potency of GXYLT2 in poor prognosis of BLCA.
In the current study, we identified 16 immunostimulators
related to expression of GXYLT2, and several of them were
verified to be involved in the progression of bladder cancer

in the previous studies. Of them, CXCR4 and IL6 had long
been thought to be oncogenes in bladder cancer which pro-
moted various tumor behaviors [43, 44]. We also identified 4
immunoinhibitors related to expression of GXYLT2 in
BLCA. Of note, PDCDILG2 (also known as PDL2) was
found to be associated with worse prognosis of BLCA by
clinical data analysis [45]. These results above indicated that
GXYLT2 had close link with TME and elucidated the poten-
tial mechanisms affecting tumor prognosis. By constructing
GXYLT2 coexpression network in bladder cancer from
TCGA database, we then performed functional enrichment
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analysis to elucidate gene function. The result showed that
these coexpressed genes were involved in TNF response
and T cell costimulation. These are classical immune and
inflammatory response signaling pathways. The hub genes
of PPI network also indicated broad correlations between
GXYLT2 and bladder cancer progression (such as cancer
suppressor gene RPA2 and TUSCI1 [46, 47]. This result
advanced our understanding of biology functions of
GXYLT2 in BLCA.

There are some limitations in our study. The data were
collected with online public databases and the mechanism
of GXYLT2 regulating the infiltration of immune cells in
bladder cancer should be further examined by in vivo/
in vitro experiments.

5. Conclusion

In conclusion, GXYLT2 may serve as favorable biomarker
and imply poor prognosis and clinical stage in BLCA. Our
study explored that the regulation of immune infiltration
may engage GXYLT2 in progression of bladder cancer.
GXYLT2 was demonstrated to be close relationship with
various tumor immune cells. However, further validated
experiments and clinical studies are still required.

Abbreviations

BLCA: Bladder cancer

TIMER: Tumor immune estimation resource

TME: Tumor microenvironment

OS: Overall survival

CTLA4: Cytotoxic T lymphocyte associated antigen 4
TAMs: Tumor-associated macrophages

DC: Dendritic cell

Rapl:  Ras oncoprotein 1

PD-1:  Programmed death protein-1
PD-L1: PD ligand-1

TICs:  Tumor immune infiltrated cells
ICIs: Immune checkpoint inhibitors

PPI: Protein-protein interaction
GO: Gene Ontology.

Data Availability

The datasets used in our study are available freely from the
open databases.

Conflicts of Interest

The authors declare no competing interests.

Authors’ Contributions

WS and DL designed the work and wrote the manuscript.
WS, QS, and CW collected the data and performed the sta-
tistical analysis. WS and QS concerted effort in the discus-
sion and language editing. WL reviewed the manuscript.
Shuo Wu, Shipei Qiu, and Wei Chen contributed equally
to this work and should be considered co-first authors. All
authors had read and approved the final manuscript.

Disease Markers

Acknowledgments

We would like to acknowledge the open databases used in
this study.

References

[1] A. M. Kamat, N. M. Hahn, J. A. Efstathiou et al., “Bladder can-
cer,” Lancet, vol. 388, no. 10061, pp. 2796-2810, 2016.

[2] N.Lobo, C. Mount, K. Omar, R. Nair, R. Thurairaja, and M. S.
Khan, “Landmarks in the treatment of muscle-invasive blad-
der cancer,” Nature Reviews. Urology, vol. 14, no. 9, pp. 565-
574, 2017.

[3] K. M. Felsenstein and D. Theodorescu, “Precision medicine for
urothelial bladder cancer: update on tumour genomics and
immunotherapy,” Nature Reviews. Urology, vol. 15, no. 2,
pp. 92-111, 2018.

[4] M. Babjuk, A. Bohle, M. Burger et al., “EAU guidelines on non-

muscle-invasive urothelial carcinoma of the bladder: update

2016,” European Urology, vol. 71, no. 3, pp. 447-461, 2017.

P. E. Clark, P. E. Spiess, N. Agarwal et al., “NCCN guidelines

insights: bladder cancer, version 2.2016,” Journal of the

National Comprehensive Cancer Network, vol. 14, no. 10,

pp. 1213-1224, 2016.

[6] S.C. Weinmann and D. S. Pisetsky, “Mechanisms of immune-
related adverse events during the treatment of cancer with
immune checkpoint inhibitors,” Rheumatology, vol. 58, Sup-
plement_7, pp. vii59-vii67, 2019.

(5

—_

[7] Cancer Genome Atlas Research Network, “Comprehensive
molecular characterization of urothelial bladder carcinoma,”
Nature, vol. 507, no. 7492, pp. 315-322, 2014.

R. Saito, C. C. Smith, T. Utsumi et al., “Molecular subtype-

specific immunocompetent models of high-grade urothelial

carcinoma reveal differential neoantigen expression and

response to immunotherapy,” Cancer Research, vol. 78,

no. 14, pp. 3954-3968, 2018.

[9] J. Kim, D. Kwiatkowski, D. J. McConkey et al., “The cancer
genome atlas expression subtypes stratify response to check-
point inhibition in advanced urothelial cancer and identify a
subset of patients with high survival probability,” European
Urology, vol. 75, no. 6, pp. 961-964, 2019.

[10] A. Kamoun, A. de Reyni¢s, Y. Allory et al., “A consensus
molecular classification of muscle-invasive bladder cancer,”
European Urology, vol. 77, no. 4, pp. 420-433, 2020.

[11] W. Choi, S. Porten, S. Kim et al., “Identification of distinct
basal and luminal subtypes of muscle-invasive bladder cancer
with different sensitivities to frontline chemotherapy,” Cancer
Cell, vol. 25, no. 2, pp. 152-165, 2014.

[12] M. R. Junttila and F. J. de Sauvage, “Influence of tumour
micro-environment heterogeneity on therapeutic response,”
Nature, vol. 501, no. 7467, pp. 346-354, 2013.

[13] M. Miyake, Y. Tatsumi, D. Gotoh et al., “Regulatory T cells and
tumor-associated macrophages in the tumor microenviron-
ment in non-muscle invasive bladder cancer treated with
intravesical Bacille Calmette-Guérin: a long-term follow-up
study of a Japanese cohort,” International Journal of Molecular
Sciences, vol. 18, no. 10, p. 2186, 2017.

[14] C. E. Rudd, “A new perspective in cancer immunotherapy:
PD-1 on myeloid cells takes center stage in orchestrating
immune checkpoint blockade,” Science Immunology, vol. 5,
no. 43, 2020.

(8

=



Disease Markers

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

M. K. Sethi, F. F. R. Buettner, V. B. Krylov et al., “Identification
of glycosyltransferase 8 family members as xylosyltransferases
acting on O-glucosylated notch epidermal growth factor
repeats,” The Journal of Biological Chemistry, vol. 285, no. 3,
pp. 1582-1586, 2010.

Q. Cuj, J. Xing, Y. Gu et al., “GXYLT2 accelerates cell growth
and migration by regulating the Notch pathway in human can-
cer cells,” Experimental Cell Research, vol. 376, no. 1, pp. 1-10,
2019.

Y. Zhao, S. Hu, J. Zhang et al., “Glucoside xylosyltransferase 2
as a diagnostic and prognostic marker in gastric cancer via
comprehensive analysis,” Bioengineered, vol. 12, no. 1,
pp. 5641-5654, 2021.

D. R. Rhodes, S. Kalyana-Sundaram, V. Mahavisno et al,
“Oncomine 3.0: genes, pathways, and networks in a collection
of 18, 000 cancer gene expression profiles,” Neoplasia, vol. 9,
no. 2, pp. 166-180, 2007.

Z.Tang, C.Li, B. Kang, G. Gao, C. Li, and Z. Zhang, “GEPIA: a
web server for cancer and normal gene expression profiling
and interactive analyses,” Nucleic Acids Research, vol. 45,
no. W1, pp. W98-W102, 2017.

T. Li, J. Fan, B. Wang et al., “TIMER: a web server for compre-
hensive analysis of tumor-infiltrating immune cells,” Cancer
Research, vol. 77, no. 21, pp. e108-e110, 2017.

B. Li, E. Severson, J. C. Pignon et al., “Comprehensive analyses
of tumor immunity: implications for cancer immunotherapy,”
Genome Biology, vol. 17, no. 1, p. 174, 2016.

B. Ru, C. N. Wong, Y. Tong et al., “TISIDB: an integrated
repository portal for tumor-immune system interactions,” Bio-
informatics, vol. 35, no. 20, pp. 4200-4202, 2019.

S. V. Vasaikar, P. Straub, J. Wang, and B. Zhang, “LinkedO-
mics: analyzing multi-omics data within and across 32 cancer
types,” Nucleic Acids Research, vol. 46, no. D1, pp. D956-
D963, 2018.

D. S. Chandrashekar, B. Bashel, S. A. H. Balasubramanya et al.,
“UALCAN: a portal for facilitating tumor subgroup gene
expression and survival analyses,” Neoplasia, vol. 19, no. 8,
pp. 649-658, 2017.

K. Yoshihara, M. Shahmoradgoli, E. Martinez et al., “Inferring
tumour purity and stromal and immune cell admixture from
expression data,” Nature Communications, vol. 4, no. 1,
p- 2612, 2013.

P. Charoentong, F. Finotello, M. Angelova et al,, “Pan-cancer
Immunogenomic analyses reveal genotype-Immunophenotype
relationships and predictors of response to checkpoint block-
ade,” Cell Reports, vol. 18, no. 1, pp. 248-262, 2017.

R. Gou, L. Zhu, M. Zheng et al,, “Annexin A8 can serve as
potential prognostic biomarker and therapeutic target for
ovarian cancer: based on the comprehensive analysis of annex-
ins,” Journal of Translational Medicine, vol. 17, no. 1, p. 275,
2019.

E. Vergadi, E. Ieronymaki, K. Lyroni, K. Vaporidi, and
C. Tsatsanis, “Akt signaling pathway in macrophage activation
and M1/M2 polarization,” Journal of Immunology, vol. 198,
no. 3, pp. 1006-1014, 2017.

K. Katagiri, N. Ohnishi, K. Kabashima et al., “Crucial functions
of the Rap 1 effector molecule RAPL in lymphocyte and den-
dritic cell trafficking,” Nature Immunology, vol. 5, no. 10,
pp. 1045-1051, 2004.

Y. Q. Zheng, Y. W. Naguib, Y. Dong, Y. C. Shi, S. Bou, and
Z. Cui, “Applications of Bacillus Calmette-Guerin and recom-

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

[44]

13

binant Bacillus Calmette-Guerin in vaccine development and
tumor immunotherapy,” Expert Review of Vaccines, vol. 14,
no. 9, pp. 1255-1275, 2015.

J. Jiang, C. Wu, and B. Lu, “Cytokine-induced killer cells pro-
mote antitumor immunity,” Journal of Translational Medicine,
vol. 11, no. 1, p. 83, 2013.

J. ML Pitt, A. Marabelle, A. Eggermont, J. C. Soria, G. Kroemer,
and L. Zitvogel, “Targeting the tumor microenvironment:
removing obstruction to anticancer immune responses and
immunotherapy,” Annals of Oncology, vol. 27, no. 8,
pp. 1482-1492, 2016.

W. H. Fridman, F. Pages, C. Sautés-Fridman, and J. Galon,
“The immune contexture in human tumours: impact on clini-
cal outcome,” Nature Reviews. Cancer, vol. 12, no. 4, pp. 298-
306, 2012.

H. Li, F. Xu, S. Li, A. Zhong, X. Meng, and M. Lai, “The tumor
microenvironment: an irreplaceable element of tumor bud-
ding and epithelial-mesenchymal transition-mediated cancer
metastasis,” Cell Adhesion & Migration, vol. 10, no. 4,
pp. 434-446, 2016.

C. Rubio, E. Munera-Maravilla, I. Lodewijk et al., “Macro-
phage polarization as a novel weapon in conditioning tumor
microenvironment for bladder cancer: can we turn demons
into gods?,” Clinical & Translational Oncology, vol. 21, no. 4,
pp. 391-403, 2019.

M. F. Chevalier, P. Bohner, C. Pieraerts et al., “Immunoregula-
tion of dendritic cell subsets by inhibitory receptors in urothe-
lial cancer,” European Urology, vol. 71, no. 6, pp. 854-857,
2017.

P. Zhang, J. Wang, D. Wang et al,, “Dendritic cell vaccine
modified by Ag85A gene enhances anti-tumor immunity
against bladder cancer,” International Immunopharmacology,
vol. 14, no. 3, pp- 252-260, 2012.

M. Eckstein, E. Epple, R. Jung et al., “CCL2 expression in
tumor cells and tumor-infiltrating immune cells shows
divergent prognostic potential for bladder cancer patients
depending on lymph node stage,” Cancers, vol. 12, no. 5,
p. 1253, 2020.

N. Kumari, U. Agrawal, A. K. Mishra et al., “Predictive role of
serum and urinary cytokines in invasion and recurrence of
bladder cancer,” Tumour Biology, vol. 39, no. 4,
p. 1010428317697552, 2017.

Z. Xu, L. Wang, J. Tian, H. Man, P. Li, and B. Shan, “High
expression of B7-H3 and CD163 in cancer tissues indicates
malignant clinicopathological status and poor prognosis of
patients with urothelial cell carcinoma of the bladder,” Oncol-
ogy Letters, vol. 15, no. 5, pp. 6519-6526, 2018.

W. Cheng, D. Fu, Z. F. Wei et al., “NRP-1 expression in blad-
der cancer and its implications for tumor progression,”
Tumour Biology, vol. 35, no. 6, pp. 6089-6094, 2014.

R. J. Roskoski, “Properties of FDA-approved small molecule
protein kinase inhibitors: a 2020 update,” Pharmacological
Research, vol. 152, p. 104609, 2020.

M. M. Retz, S. S. Sidhu, E. Blaveri et al., “CXCR4 expression
reflects tumor progression and regulates motility of bladder
cancer cells,” International Journal of Cancer, vol. 114, no. 2,
pp. 182-189, 2005.

C.T. Wu, W. Y. Lin, W. C. Chen, and M. F. Chen, “Predictive
value of CD44 in muscle-invasive bladder cancer and its rela-
tionship with IL-6 signaling,” Annals of Surgical Oncology,
vol. 25, no. 12, pp. 3518-3526, 2018.



14

(45]

[46]

(47]

Y. Yang, X. Wang, Y. Bai et al.,, “Programmed death-ligand 2
(PD-L2) expression in bladder cancer,” Urologic Oncology,
vol. 38, no. 6, pp- 603.e9-603.e15, 2020.

G. Levidou, H. Gakiopoulou, N. Kavantzas et al., “Prognostic
significance of replication protein A (RPA) expression levels
in bladder urothelial carcinoma,” BJU International, vol. 108,
no. 2b, pp. E59-E65, 2011.

Z. Shan, A. Shakoori, S. Bodaghi, P. Goldsmith, J. Jin, and J. S.
Wiest, “TUSCI1, a putative tumor suppressor gene, reduces
tumor cell growth in vitro and tumor growth in vivo,” PLoS
One, vol. 8, no. 6, article e66114, 2013.

Disease Markers



	Prognostic Signature GXYLT2 Is Correlated with Immune Infiltration in Bladder Cancer
	1. Introduction
	2. Materials and Methods
	2.1. ONCOMINE Database
	2.2. GEPIA Database
	2.3. TIMER Database
	2.4. TISIDB Database
	2.5. LinkedOmics Database
	2.6. STRING Database
	2.7. Kaplan-Meier Plotter Database
	2.8. UALCAN Database
	2.9. ESTIMATE Algorithm
	2.10. Statistical Analysis

	3. Results
	3.1. The mRNA Expression Levels of GXYLT2 in BLCA
	3.2. Association between GXYLT2 Expression and Clinicopathologic Variables in BLCA
	3.3. GXYLT2 Affects the Prognosis of Patients with BLCA
	3.4. Association between GXYLT2 and the Level of Immune Infiltration in BLCA
	3.5. Correlation of GXYLT2 with Immune Markers in BLCA
	3.6. Relations between Immunomodulators and GXYLT2
	3.7. Enrichment Analysis of Coexpression Network of GXYLT2 and PPI Analysis in BLCA

	4. Discussion
	5. Conclusion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



